Electrical contacts consist of two parts where the surfaces are in contact and where the actual physical contact occur just in a few contact asperity points scattered over the whole apparent contact area. the effect of material resistance on the initial joint resistance of bolted power bus-bar have been investigated experimentally by measuring the current distribution along the over lapping region of bolted joint, moreover the effect of increasing torque on the current distribution along contact area are discussed, in addition, a computer simulation based upon the finite element method was introduced to calculate the ideal joint resistance and compared with that obtained experimentally. Furthermore, the effect of increasing bolted size (hole diameter) on the initial joint resistance was calculated. The study shows that the current distribution is not homogenous along the contact interface and increasing tightening torque has no effect on the current distribution along the contact area.
Introduction
In a power plant, electrical connectors are tremendous. They exist in the high-voltage systems to provide the electrical interface between the power plant and the transmission system. There are large numbers of electrical connectors found in high voltage Substations, medium -and low-voltage switchgear, segregated and non-segregated bus, equipment and structure grounding systems, control cabinets, and other electrical enclosures. There are also a large number of connectors in electronic and computer equipment, many of which were installed at the factory contact mechanics of electrical contacts has been extensively investigated through the last decades by many researchers [1, 2] Elements and devices of the power transmission and distribution systems are connected by a large number of different electrical joints which are subjected to ageing processes. The electrical resistance of joints will increase during this ageing time. Because of this, the joint temperature caused by increased power losses can be so high that the joints themselves or the associated insulation material will be destroyed. Thus, the reliability of the electrical power supply system will be determined significantly by the high current joints, it is well known that the electrical joint resistance of clean contacts depends on such parameters as: normal force, contact micro hardness, electrical resistivity and surface texture (roughness). Traditionally, surface texture parameters are defined by the variance of the height and the slope of the surface [4, 5] .
It is well established that the electrical contact resistance of clean contacts, depends on such parameters as: normal force, contact micro hardness, electrical resistivity and surface texture (roughness) traditionally, surface texture parameters are defined by the variance of the height and the slope of the surface [6] . The most significant quantity to assess is the joint resistance to guarantee reliable operation of the joint. The joint resistance should be no greater than limiting value. Such limiting values do not exist at present. Furthermore, it is known that the life time of an electrical joint will be determined significantly by the joint resistance R0 after assembly (before aging) [7] . The quickness of ageing depends on the performance factor k which equal the joint resistance divided by the resistance of an unjointed bar of the same length, it has proven that maximum initial performance factor must be equal or less than 1.5 to have a life time 25…30 years for bolted joint [8, 9] . There is no article found discussed the effect of material resistance on the initial joint resistance.
The aim of the work presented here is to bring a contribution to the factors effect on initial joint resistance in bolted power connection. Indeed, it was interesting to study the current distribution over the contact area based on the voltage measurement over the connection region. Furthermore, a rigid model of finite element analysis was established in this work, the effect of increasing hole diameter on the joint resistance of bolted copper bus-bar without contact surface was investigated. Moreover, the influence of increasing overlap distance without contact surface was investigated and compare with that obtained experimentally in [1] .
Load bearing area
The load bearing area Figure 1 can be categorized into three parts: metallic contact areas, quasi-metallic spots, and insulating film areas. The short name a-spot for the conducting contact areas, referring to the radius "a" of a circular contact area, is a widely accepted term. To sum up, not only is the load bearing contact area very small, but also that only a fraction of it may be electrically conducting.
In a bulk electrical contact interface, the electrical current lines get distorted. The flow lines bundle together to pass through a-spots. Thus, less volume of material is now available for current conduction, causing increase in electrical resistance. This increase in resistance is defined as "constriction Resistance, Holm has shown that the constriction resistance for a single aspot can be expressed as Eq. 1
Where ρ1 and ρ2 are resistivity's of the contacting metals, and a is the radius of the metal-to-metal contact area (contact spot). If the two contacting metals are the same, then the constriction resistance becomes Eq. 2
Because the metals are not clean, the passage of electric current may be affected by thin oxide, sulphide, and other inorganic films usually present on metal surfaces. In the presence of any contaminating film with relatively high electrical resistivity, total contact resistance RC increases further. This additional is called as "Film Resistance Rf ". Thus, total interfacial resistance is the sum of constriction and film resistance Figure 1 1 Eq. 3
Eq. 4
Where σ is the resistance per area of the film. In most practical applications, the contribution of these films to the total contact resistance is of minor importance because the contact spots are usually created by the mechanical rupture of surface films.
When the current is confined to flow through the conducting spots (a-spots), the temperature of the contact point (Tc) may be higher than that of the bulk temperature (Tb). Hence, the increase in constriction resistance over the resistance that would exist if the metal-metal contact were continuous across the entire contact area can be expressed as [2] :
Eq. 5
The term (Tc -Tb) is called the super temperature and is related to the voltage drop across the contact interface (V) as follows Eq. 6
Where L is the Wiedemann-Franz Lorenz number with the value of 2.45 x 10 -8 (V/K) 2 It is clear that even a relatively small increase in the contact voltage drop (V) can raise the super temperature considerably, enough to produce basic metallurgical changes such as softening or even melting of the conducting areas.
Experimental Data 3.1. Types of connectors
The tests applied on bolted connectors were performed using copper bus-bars ( Figure 2 ) 40 x 10 mm 2 . Three joints were used namely: 1-Ideal copper joint without contact interface and with 40 mm overlap (this joint are made from 40 x 20 mm 2 copper bus-bar, which machined to be like normal joint but without contact surface) 2-Bolted copper joint with 40 mm overlap 3-Bolted copper joint with 80 mm overlap
Circuits diagrams
The contact surface was assembled to form the connector and the DC joint resistance was measured using micro-ohmmeter. The resistance was measured on 1 cm of the overlapping area as indicated in Figure 3 . The resistance value is taken as a base to calculate the current distribution along the contact area. Each recorded value is the average of at least three reading on the same point.
Experimental procedure
A high precision 4-wire micro-ohmmeter with a maximum resolution of 0.02 µ Ω and fixed current 20 Ampere was used for all resistance measurements. It was essential part of all joints to clean all used bus-bar carefully by steel brush.
1. The material resistance was measured at 1 cm of the copper bus-bar it is found to be 0.44µΩ, it is exactly as the calculated value for 1 cm, 40x10 mm 2 copper bus-bar 2. The overlapping distance was divided into several point with distance 1 cm, the material resistance was measured using the same micro ohm. 3. The measured values are taken as base to calculate the current distribution along the contact area.
Joint without contact surface
Joint with contact surface Figure 2 : photograph for the copper joint indicated measuring poits.
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Measuring Points
Micro-ohm Figure 4 a and b show the measured material resistance over the contact area of 40 mm and 80 mm overlapping distance respectively, it is clear from the figure that for both ideal and normal joint, the measured material resistance decrease when measurement have been done closer to the end of the busbar. Furthermore, for both contact parts the material resistances of the end parts are very small and the same observation can be noticed in the case of Ideal joint. Figure 5 gives the experimental results of the material resistance over the contact area at varying tightening torque for 40x10 mm 2 copper bus-bars of 40 mm overlapping distance, from the figure it can deduce that although increasing torque leads to increase the contact area, it have no effect on the measured material resistance. 
Experimental results a. Material resistance
current distribution
The material resistance should not change along the busbar, the change in measuring material resistance means changing in the voltage drop along the corresponding distance which is a results of changing current pass in this part of the bus-bar, hence The joint resistance as recorded by the micro-ohmmeter is based on the current flowing through the joint, so the measured material resistance can be taken as a reference to calculate the percentage distribution along the overlapping distance, the following equation can be used to obtain the percentage current on 1 cm from the overlapping distance :
I%= Rm (measured) * It/Rm (Exact) Eq. 7 Where: Rm (measured): is the recorded value from microohmmeter It: total current passed from micro ohm Rm (Exact): exact material resistance for 1 cm from copper bus-bar Figure 6 a and b show the calculated current, as a percentage from the total current, over the contact area of 40mm and 80 mm overlapping distance respectively.
From Figure 6 one can deduce that more than 85% of current pass before current reach 75% of over lapping distance, and only 2.5% of current pass from the last section of the over lapping area, the current pass from the bus-bar terminal reduce with increasing overlapping distance, but In the case of ideal joint the current are more uniform, and the last section curry about 30% of the total current as seen from 
Simulation Description a. Geometry
In Figure 7 we can see the 3-D-geometry of the model. In view of the axial symmetry of the system, a copper bus-bar was considering in calculation, two 40 x 10 mm 2 copper bus-bar, connected together, notice that there is a perfect electrical contact between the bodies, ideal connector, the overlap area is increased to calculate the overlap/ thickness ratio. SOLID69 Element was used in the simulation process; SOLID69 has a 3-D thermal and electrical conduction capability. 
Conclusions
In this work, the factors effect on initial joint resistance in bolted power connection and the current distribution along aver lapping rejoin was studied experimentally The results may be summarized as follows: 1. The material resistance of the two ends of contact part has no effect on the joint resistance of bolted connections 2. Increasing of tightening torque has no effect on the current distribution along the contact area.
3. Increasing hole diameter has a negative impact in performance factor.
4. The simulation result showed that the overlap distance should be not less than 4 times the busbar thickness.
5. the results can contribute in finding suitable model or (lumped circuit) for bus-bar joint
